Objective : To identify the perioperative factors associated with instrument failure in patients undergoing a partial corpectomy with instrumentation (PCI) for spinal metastasis.
INTRODUCTION
Cancer is the leading cause of death, and bone metastasis occurs in 15-70% of patients with carcinoma of the lung, colon, or stomach, or in those with advanced breast or prostate cancer 4, 13, 22) . Up to 70% of patients with cancer harbor spinal metastases 9, 12) , which can cause pathological fractures, spinal cord compression, other nerve compression syndromes, and life-threatening hypercalcemia 22, 26) . The symptoms of spinal metastasis are back pain, weakness, sensory deficits, and autonomic dysfunction 17) . Age, sex, comorbidities, and the primary tumor site affect the survival rate of patients with a metastatic spine tumor 23) . Surgery, radiotherapy, chemotherapy, and various combinations of these three modalities are used in the management of patients with spinal metastases 2, 14) . Although decompression surgery alone is a good treatment for patients with spinal cord compression, preoperative or intraoperative spinal instability associated with a metastatic spine tumor might necessitate spinal stabilization using instrumentation 16, 26) . In patients with spinal metastases, the rate of spinal bone fusion is low, with a 16% rate of pseudarthrosis 1 year postoperatively because of adjuvant therapy, use of steroids, and malnutrition 6, 21) . Therefore, in patients with a short-term life expectancy of less than 6 months, the use of methyl methacrylate is recommended over bone grafting for anterior support of the spine after corpectomy 20, 26) . The ability to identify patients with spinal metastasis who might not need bone grafting in addition to instrumented stabilization might improve the surgical outcome by decreasing the surgery time and complications associated with bone grafting. To our knowledge, no study has described the instrumentation failure rate and perioperative factors related to instrumentation failure, including the need for bone grafting in the corpectomy bed, in patients who undergo palliative metastatic spine surgery. Therefore, this study aimed to identify the instrumentation failure rate and the perioperative factors, including bone grafting, associated with instrumentation failure in patients who have undergone partial corpectomy of a metastatic spine.
MATERIALS AND METHODS

Patients
The clinical records of all patients with a metastatic spine tumor who underwent surgical treatment with instrumented stabilization from 1987 to 2011 in two hospitals were reviewed retrospectively. We enrolled those patients who underwent partial corpectomy with instrumentation (PCI) for spinal metastases and excluded those patients who underwent only vertebroplasty, biopsy, decompressive laminectomy alone, decompressive laminectomy with transpedicular screw fixation, total spondylectomy, or root blockage. We also excluded those patients whose medical records and radiology images were not available for review. Instrumentation failure was defined as transpedicular screw loosening, fracture of the rod placed between the screws, or displacement of the struts in the cage, cement, or bone during the follow-up period. Four surgeons operated on patients with a metastatic spine tumor in two affiliated hospitals of a single institute.
For patients with multiple levels of spine involvement, all surgeons performed decompressive surgery, including partial corpectomy, at the levels of cord compression. The fixation level using instrumentation depended on the surgical approach. When the dorsal approach alone was used, we performed upper and lower two-level transpedicular screw fixation. When the ventral approach alone was used, the graft was inserted at the corpectomy level followed by upper and lower one-level fixation. When the combined anterior and posterior approach was used, we performed upper and lower one-level fixation. The strategy for the use of bone grafting was at the surgeons' discretion, although none of the surgeons used bone grafting into the corpectomy site in patients with a life expectancy of less than 6 months.
Factors associated with instrumentation failure
Various factors were selected for evaluation of their association with instrumentation failure after metastatic spine surgery. The preoperative factors considered were age, sex, Tomita score, American Spinal Injury Association grade, preoperative ambulatory status, bone mineral density, use of steroid, primary tumor site, number of vertebrae with metastasis, the presence of extra-bone metastasis, preoperative adjuvant therapy, and preoperative spinal radiotherapy 3, 5, 25) . Because the primary tumor site was variable, the primary tumor site was classified as the kidney, liver, lung, or other site according to the frequency of the affected organ with the primary tumor. The intraoperative factors were the number of vertebrae fixed, level of spine operated (cervical, thoracic, and lumbar), fixation in osteolytic vertebrae, use of bone grafting, and type of approach (ventral alone, dorsal alone, combination of ventral and dorsal). The postoperative factors were the use of postoperative adjuvant therapy and spinal radiotherapy.
Statistical analysis
Statistical analyses were performed using R software version 3.3.1. To analyze the association between instrumentation failure and bone fusion, and to identify any significant factors, a two-sample Student's t test was used to compare continuous variables, and Pearson's chi-squared or Fisher's exact test was used to compare categorical variables. To account for the small number of events, logistic regression with Firth's penalized likelihood 7) was used for univariable and multivariable analyses of the relationships between instrumentation failure and perioperative factors. Two-sided p values of <0.05 were assumed to be significant.
RESULTS
Patient data
One hundred twenty-four patients who underwent PCI and had available medical data were enrolled finally (72 males and 52 females; mean age, 57.4±11.68 years; range, 20-81). The primary tumor site was variable between patients. The most common primary tumor site was the lung (n=32), followed by the liver (n=22) and kidney (n=9). Other sites (n=61) were colon or rectum, thyroid, breast, prostate, stomach, esophagus, oral cavity, pancreas, gall bladder, ureter, skin, and blood related. Seventy-five percent (93/124) of patients were ambulatory before PCI.
The most common vertebra level of the metastatic spine tumor was the thoracic level (n=54, 43.5%), followed by the cervical and lumbar vertebrae (n=16, 37.1% and n=24, 19.4%, respectively). Therefore, thoracic vertebrae were the most commonly instrumented (n=54, 43.5%), followed by the cervical (n=46, 37.1%) and lumbar (n=24, 19.4%) vertebrae. The mean number of metastatic spine and fixed vertebrae were 3.0 ±4.4 and 3.0±1.2, respectively. Sixty-two patients underwent bone grafting into the corpectomy site with a cage or bone strut. The mean and median survival time after spine surgery was 452±752.2 days and 545 days (12-6103 days).
Fifteen patients experienced instrumentation failure (15/124, 12.1%). The lung was the most common primary tumor site in the instrumentation failure group. The lumbar spine was the most frequent site of metastatic vertebrae associated with instrumentation failure : four of 24 (16.6%) patients with lumbar spinal metastases experienced instrumentation failure; the respective values were 6/54 (11.1%) and 5/46 (10.8%) for patients with thoracic metastasis or cervical spinal metastases, respectively. Although the mean and median day of occurrence of instrumentation failure after surgery was 535±1258.0 days and 168 days (2-4948 days), 80% (12/15) of those patients who experienced instrumentation failure did so within 1 year after surgery. The mean and median survival time after surgery was 941±1486.8 and 545 days (84-6103 days). However, none of the 12 patients who experienced instrumentation failure within 1 year after surgery survived for more than 3 years after surgery (Table 1) . Screw loosening was the most common type of instrumentation failure (Fig. 1) .
Factors related to instrumentation failure
In the comparison of the risk factors between the instrumentation failure and nonfailure groups, postoperative spinal radiotherapy was the only significant factor related to instrument failure (p=0.049). Preoperative factors including ambulatory status, primary tumor site, bone mineral density, use of steroid, and Tomita score were not significantly related to instrumentation failure. Intraoperative factors such as the surgical approach, fixation in osteolytic vertebrae, bone grafting, and fixation level were not significantly related to instrumentation failure (Table 2 ).
In the logistic regression analysis of the risk factors related to instrumentation failure, the use of postoperative spinal radiotherapy was significant in the univariable analysis (p=0.049). Ambulatory status was the other factor with a p value <0.20 in the univariable analysis. We performed multivariable analysis that included postoperative spinal radiotherapy and ambulatory status. The use of postoperative spinal radiotherapy was the only significant factor in multivariable analysis (odds ratio [OR]=3.535, 95% confidence interval [CI]=1.001-18.701, p=0.050). Bone mineral density, use of steroid, grafting, number of fixed vertebrae, fixation in osteolytic vertebrae, and type of approach were not significant (p=0.438, 0.754, 0.783, 0.872, 0.266, and 0.386, respectively) ( Table 3) . Also, in comparison between non-instrument failure group and other group with instrument failure over three months after surgery, there was no significant difference and significant factor related to instrument failure.
DISCUSSION
Among the 214 patients in this study, 15 experienced instrument failure, such as the loosening of a pedicle screw, strut displacement, or screw fracture. The mean time to instrumentation failure was 535 days, and the mean survival time was 452 days after spinal surgery. However, in 12 of the 15 patients (80%) who experienced instrumentation failure, the failure occurred within 365 days and none of the patients survived more than three years after surgery. Multivariable analysis identified only one significant factor associated with instrumentation failure : the use of postoperative spine radiotherapy.
Animal studies have shown that radiation therapy affects spine fusion unfavorably by reducing the fusion mass and stiffness of the fusion 3, 5) . Although local control induced by radiation therapy, including radiosurgery, is effective, there are few human studies of spine fusion with perioperative radiation therapy. Emery et al. 6) reported a 16% fusion failure rate in patients treated with corpectomy and reconstruction with an autologous bone graft. All patients underwent radiation therapy either before or after surgery. Harel et al. 10) studied spine instrumentation failure after spine tumor resection and radiation, given as conventional fractionated radiation (XRT) or stereotactic spine radiosurgery (SRS). The instrumentation failure rates were 43% and 0%, and the fusion rates were 17% and 50% in the XRT and SRS groups, respectively. In the present study, 79 patients underwent postoperative radiotherapy but not radiosurgery of the spine, and 13 of these 70 patients (16.4%) experienced instrumentation failure regardless of whether they had or had not received a bone graft. The rationale for radiation therapy is to achieve local control of the residual tumor after surgery 18) . Radiation therapy decreases bone strength and interferes with the normal healing and fusion process 3, 5, 24) . Postoperative radiation therapy was the only significant factor related to instrumentation failure in our study.
Patients with a metastatic spine tumor might have limited capability for bone formation because of the effects of malnutrition and perioperative adjuvant therapies, including chemo- . Surgical treatment with or without stabilization followed by radiation therapy is recommended for patients with a metastatic spine tumor and cord compression 1, 15) . Adjuvant therapy can impair bone remodeling, which may reduce the pull-out strength and rate of bone formation. In the present study, the number of fixed vertebrae, use of bone grafting, and surgical approach were not significantly related to instrumentation failure. In addition, the fusion-augmentation technique using a bone graft seemed not to be effective. These results suggest that bone grafting might not be essential for preventing instrumentation failure in patients with less than one year of life expectancy. This result also supports the idea that a structurally sound construct with fixation augmentation is more important than bone grafting in the surgical treatment of spinal metastasis.
The aim of the surgical treatment of spinal metastasis is to relieve neural compression, spinal instability, deformity, intractable pain, and failure of radiotherapy 8, 11, 19) . In the present study, 15 of the 124 patients (12.1%) developed instrumentation failure, and 12 of these 15 patients (80%) experienced instrumentation failure within 1 year postoperatively. The nine (60%, 9/15) and 12 (80%, 12/15) patients survived until postoperative 1 and 2 years, respectively. The rate of instrumentation failure was not high, and most cases occurred within 1 year after the operation. Therefore, if the life expectancy of a patient undergoing surgery for spinal metastasis is less than Fig. 1 . Plain X-rays show examples of instrumentation failure such as (A and d) instrumentationdisplacement including a methylmethacrylate strut in a patient with hepatocellular carcinoma and metastasis in the cervical spine and (e and h) instrumentationdisplacement in a patient with esophageal carcinoma and metastasis in the lumbar spine. A : Preoperative plain X-ray. b : Immediate postoperative plain X-ray. c : Plain X-ray on the second day after surgery. d : Plain X-ray after revision surgery. We performed additional fixation at c7. e : Preoperative plain X-ray. f : Immediate postoperative plain X-ray. g : Plain X-ray on the 295th day after surgery. h : Plain X-ray after revision surgery. We performed the additional posterior fixation. 
Limitations of the study
This study has several limitations. The number of patients who experienced instrumentation failure was much smaller than the number of patients who did not, and this may complicate the interpretation of the statistical analysis. Therefore, we analyzed the data using logistic regression with Firth's specialized likelihood to reduce the risk of bias in the statistical analysis 7) . The small number of patients reflects the actual situation in the clinical treatment of patients with spinal metastases. In other words, our results reflect the fact that implant failure after surgery for spinal metastases occurs rarely and that bone grafting is not essential for preventing instrumentation failure in this particular group of patients. Another limitation is the long observational period, during which advances in surgical techniques may have affected the outcomes. Future studies should include more patients to allow for the identification of factors significantly associated with instrumentation failure. Another limitation is the retrospective study design, which means that the treatment strategies for patients with spinal metastasis were not consistent for all patients; in particular, the indications for bone grafting were not always strictly observed, and the use of bone grafting was performed at each surgeon's discretion. Hence, this individual discretion may have introduced a bias into the analysis of the value of bone grafting. In other limitation of the present study, although the radiotherapy was the significant factor related with instrument failure through statistical analysis, it seems not to be enough that the radiotherapy could be factor related with the early instrument failure within three months after surgery. The patients with spine metastasis may be advanced stage of cancer status. The patients' bone quality could be weak due to multiple factors including poor intake, decreased activity, micro-bone metastasis, and increased bone turnover. In the future study, we should consider variable causes related with the instrument failure in spine metastasis using big data
CONCLUSION
The use of postoperative radiotherapy may increase the likelihood of instrumentation failure after partial corpectomy in patients with a metastatic spine. Bone grafting may not as critical as expected for preventing instrumentation failure in patients with a life expectancy of less than 1 year.
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